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The period in which this grant was in effect was one of transition in this laboratory. The focus of our program shifted from investigations of boron hydrides to a more general one that also encompasses investigations of boron nitrogen and lanthanide boron containing materials. While continuing with boron hydride syntheses, significant progress was made in these newer areas.
Uur studies equally emphasize new, novel chemistry; efficient synthetic procedures adaptable to scale-up; and practical applications of results. Our earlier work under ARO support led to the syntheses of high purity electronics grade diboranes, la B 2 H 6 and B 2 D 6 , which are now commercially produced by the Voltaix Company. High purity deuterated diborane is receiving very favorable attention for applications in plasma fusion reactors. We also developed a number of practical syntheses of higher boranes, b-8 including BloH 14 , using BH 9 as a feed stock, thus enabling the conversion of surplus B 5 H 9 in U.S. Government stockpiles (ca. 200,000 lbs) to more useful materials.
During our present grant period we modified our procedure for the conversion of B 5 H 9 to BloH1 4 in order to make it more convenient for large scale production. No longer commercially produced in the United States, BloH 1 4 is in short supply. Strem Chemical Company has been able to duplicate our procedure and is currently working out details for production in kilo quantities. The Transbas
Company is also interested in our procedure. Other examples of technology developed in this laboratory,, during the period of this grant, are our preparations of high purity boron nitride powders3 and coatings. 39 These procedures are presently under consideration by Union Carbide Corporation, Advanced Ceramics Division.
Our research activities are summarized in the following sections which are listed in the 
The Strem Chemical Company has repeated our modified procedure and is scaling it up with a view to commercial production. The Transbas Company of Billings, Montana is also interested in our procedure. The modified synthesis of (B 9 H 14 ]"
can also lead to the scaled up syntheses of higher borane derivatives that we have prepared from this anion.lb ' 8 (11) and (12)). At 100 "C CH 3 CN is given off;
above 150 "C H 2 evolution occurs; above 450 *C, lanthanide metal sublimes out of both solids. The resulting materials are shiny-grey solids with a metallic luster. Their X-ray powder patterns revealed YbB 4 and EuB 6 to be the only crystalline phases present.
"C,
We were able to prepare a crystalline YbB 2 phase by referring to the phase diagram to choose conditions under which YbB 2 is stable (Equation (13) from 300-500 *C; no further volatiles were evolved up to 1000 °C. The X-ray powder pattern of the resulting black powder showed it to be YbB 6 . Amorphous B was probably present as well. M(BoHIo) 3 complexes (M -Ce, Gd) have been thermally decomposed at 1000 -1200 "C to form CeB 6 and GdB 6 and amorphous boron. The boron nitride produced need never come in contact with carboncontaining materials, as no solvent is required for the reaction to proceed.
Impurities formed in the reaction may be removed by heating and/or washing with water. The main impurity to be removed is the byproduct, CsCl, which is removed by washing with water. It may also be removed by vacuum sublimation at the appropriate temperature (above ca. 600 "C), enabling BN to be prepared which has not been exposed to either water or oxygen. Samples prepared by this procedure are finely divided powders. spectrum are virtually identical to those shown in Figures (3b and 4) . Chemical analyses and XPS spectra verify the composition as BN.
Preparation of boron nitride from the thermal decomposition of H 3 NBH 2 C1
represents a simple, viable approach to forming BN coatings and possibly thin films through a CVD process. Our synthesis of H 3 NBH 2 Cl is much simpler than syntheses of many other precursors that have been employed to produce BN coatings. Furthermore, an ammonia atmosphere is not required during the firing process. Coatings are formed by dipping the object to be coated into an ethereal solution of H 3 NBH 2 C1 or by brushing the solution onto the object to be coated.
After the solvent has evaporated, firing at 1100 "C produces the turbostratic form of BN. Quartz plates and silicon chips were coated in this manner.
We have found that in the thermal decomposition of H 3 NBH 2 C1 only H 2 is given off below 80 'C. A sample of H 3 NBH 2 C1 heated to 60 "C for 7 hours eliminated only H 2 gas. We obtained a polymeric boron-nitrogen containing material with a parent mass of about 900 by heating HNBHC1 in vacuum at a temperature above 150 *C.
It is not highly sensitive to moisture and it sublimes in vacuum at elevated temperature. When this material is heated at 1100 °C, BN is formed. This material might be useful for the formation of thin films of BN CVD or for forming films by means of laser ablation.
VI. A New Boron-Nitrogen-Aluminum Complex
We have observed that the reaction between LiAlH 4 and H 3 NBH 3 in a 1:1 molar ratio in THF produces two moles-of hydrogen gas and a salt that is assigned the 
